The research retrieved the historical data and aerial photos of 15.85K at Nantou 89 th County Road in Nantou, Taiwan. The areas of failures and failure processes are revealed by comparing the images before and after a certain rainfall event. Six different major sliding zones can be identified based on the aerial photos and failure locations. The major cause of the slope instability was the erosion initiated at gullies on down-slope sides after a heavy rainfall. Most of the upper-slope was then failed due to above reason. This research compares the rain incidents, which caused failure or non-failure of a slope, at Nantou 89th Country Road in many aspects. The accumulated rainfall for each incident is calculated and compared to obtain the suitable critical rainfall for the landslides at this location. The obtained critical rainfall is around 270mm for accumulated rainfall.
INTRODUCTION
In 2009, the moderate Typhoon Morakot invaded Taiwan and brought more than 2500mm of torrential rain in central and southern Taiwan. It was measured as 3059.5mm at the Alishan rainfall station, which has been closed to the average rainfall (3684mm) per year in Alishan. This astonishing rainfall has exceeded the hundred year rainstorm frequency. The infiltration of heavy rainfall made the factor of safety of slopes to decrease and caused landslides initiated from the upper and/or downward slopes. The landslides may then cause and trigger mudslides or debris flow. The mud flow or debris flow may squeeze the main river channel and scour river banks and/or down slopes of the roads. Therefore, many landslides had occurred during this typhoon in Nantou County in central Taiwan. The objective of this research is to perform site investigation and analyses to characterize the landslide area, and to reveal sequence of sliding zones and ranges at 15.85 K of the Nantou 89th County Road. The amount of rainfall that could induce the landslide will be evaluated in this study to find the critical rainfall.
LOCATION OF THE STUDIED AREA

Nantou 89
th County Road is located in Renai Township, between the Lishan and Wushe, as shown in Fig. 1 . Total length of the road is about 53.23 km and the direction of it is from northeast to southwest. The ends of northern and southern of the road are connected to Taiwan Highway Number 8 and 14-A, respectively, and the road width is about 3 to 6m. The type of the road belongs to the local industrial road, and some sections of the slope along the route are quite steep. The geological condition within this region is very broken and fragile, and the mountain slopes along the road are in serious condition. In recent years, 89th County Road had struck by the earthquake, typhoons and flood disaster. The traffic will be disrupted almost every time when it encounters with heavy rain because of the disasters. The serious disaster mostly occurs after continuous rain or heavy rain. Typhoon Mindulle in 2004 and 0609 flood in 2006 brought the cumulative rainfalls up to 1,215 mm and 1,810 mm, respectively, resulting in severe damage of the road. Therefore, rainfall is one of the main reasons that induced slope disasters along the road. The first landslide at 12.3K of 89th County Road occurred during Typhoon Aere in 2004. The road was rehabilitated afterwards, but was damaged completely due to Typhoons FungWong and Kalmaegi in 2008. Fig. 2 shows the Wushe 1/50000 geological map. The stratigraphic sequence of the nearby area in this study from old to new sequentially is Chiayang Formation (Cy), Meishi Sandstone (Ms), Lushan Formation (Ls) and Terrace deposits (t) (Lo and Yang, 2002) . However, only Lushan Formation and Terrace deposits are encountered along the 89th County Road. Lushan Formation composed by mostly black and gray slate. Due to the intense tectonic actions, the rock formations in this region are quite broken. Shallow slides have occurred very often because of weathering and erosion by creeks. Cleavages are the most important discontinuities for the slate formation. The strike of the formation is from northwest to southeast, and some is northeast to southwest direction, and the dip direction is 50°~70° to southeast. Many cracks and fractures are also developed inside the formation owing to squeezing and folding of the formation. Lushan Formation located at the west side of the Central Mountain of Taiwan and conjunction with Meihsi Sandstone of Snowy Mountain Range.
GEOLOGY OF THE AREA
The geological structures at this region are Meishi Fault and Wushe Syncline, as shown in Fig. 2 (Lo and Yang, 2002) . The strikes of the fault and syncline are approximately similar to the direction of the 89th County Road. The 89th County Road is mainly located at the west side of the syncline axis and encounters the syncline at many places. Thus, many of the slopes along the road are anaclinal and orthoclinal slopes, which may be the main reason that causes shallow slides and rock falls. Meishi Fault is a reverse fault and is located at northwestern part of the road, and can be found at downslope side of the road. 
ZONES OF LANDSLIDES AT THIS LOCATION
There were at least six major landslides that had occurred in this area since 2001 (Shen, 2014; Quah, 2015) . The panoramic view of the area is shown in Figure 3 . Large extended and deep landslides can be seen from Figure 3 . Thus, this study is to collect aerial photos and rainfall data from 2001 to 2013, and to identify the corresponding failure zones associated with the rainfall event, such as extreme rainfall or typhoon. Based on the in situ boring logs in this area, the geological formations can be found and a potential sliding surface can be identified, as shown in Figure 4 .
Slides in 2001
Based on the aerial photo, shown in Figure 5 , on Aug. 14, 2001, two major sliding zones can be identified. One is below the existing road, and the other one is above the existing creek. The cause of the failure above the creek could be due to the erosion by the creek. The reason for the sliding was caused by the Typhoon Toraji on July 29, 2001. The accumulated rainfall was 286.3mm in 22 hours, and the maximum hourly rainfall was 47.6mm. and Typhoon Jangmi were 736.7 mm (72 hr), 792.2mm (63 hr), and 507.7mm (52 hr), respectively. 1071.4mm in 84 hours, and the maximum hourly rainfall was 74.1mm. 
CRITICAL RAINFALL AT THIS LOCATION
There are three rainfall stations along the road. Therefore, the rainfall at 15.85K is estimated based on linear interpolation from these three stations. The maximum hourly, accumulated, average, and maximum 24hr rainfalls are calculated for each events during 2001 and 2013. The accumulated rainfall from 1996 to 2013 are collected, synthesized and analyzed, and the judgement of failure or no failure development of each rainfall incident is based on the aerial photos and related reports by government or consulting companies. The results are plotted in Figure 8 . The accumulated rainfalls that caused sliding failures are all exceed the suggested warning value, i.e. 250mm, for evacuating people because of debris flow. The minimum accumulated rainfall that initiates a sliding failure is about 270mm based on the results shown in Figure 8 . This value could be treated as the critical rainfall value for road closure of 15.85K as the accumulated rainfall has exceeded this value.
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CONCLUSIONS
Some conclusions can be drawn based on this study on 15.85K of Nantou 89th Country Road in Nantou County, Taiwan. 1. There are at least six failure zones developed between 2001 and 2009. 2. Some of the sliding zone was due to the erosion of creek. 3. The critical rainfall is found to be around 270mm based on accumulated rainfalls from 1996 to 2013.
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